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Scenario and verification of a space plant cultivation facility

TANG Yongkang', CAI Xuzhe®, WU Hao’, WU Zhiqiang', Al Weidang®, SHEN Yunze®, MAO Ruixin’,
HU Qinghua’®, WANG Longji’

(1. National Key Laboratory of Human Factors Engineering ( China Astronaut Research and Training Center) , Beijing 100094, China;
2. China Astronaut Research and Training Center, Beijing 100094, China)

Abstract; To satisfy the needs of plant cultivation in space, the scenario of a space plant cultivation facility
(SPCF) was conducted, based on the limited resources and microgravity in space environments. The study contents
included water and nutrient control around roots, atmospheric environment control in cultivation room, and light
environment control, etc. The facility was designed with six functional modules, consisting of water and nutrient
supply module, atmospheric environmental control module, light module, measurement and control module,
cultivation room module, and root tray module. The integration and testing of the facility were carried out and the
rationality of the design of each functional module was verified. Finally, the combination testing platform was used
to verify the integrated performances of various functional modules of the facility, evaluate plant functions
(biological characteristics, material and energy exchange, nutritional quality, and biosafety), and verify plants
cultivation processes ( process rationality, resource requirements and supply, and mutual impact with the
environment ). The verification results indicated that the performance of water supply, nutrient supply, atmospheric
environmental control, illumination control, as well as the measurement and control is well, meeting the demands of
plant growth in space. Lettuce grow vigorously with a production efficiency of 101.31 g (fresh weight) - (kWh) ™' -
d™" - m™? and a light energy utilization rate of 0.31 g (dry weight) mol "' photons. More importantly, the lettuce
is nutrient rich and safe for consumption. The scenario of facility design and cultivation procedures are reasonable
and feasible with good performance and high production capacity. This study establishes technical foundations for
the future development of plant cultivation facility targeting space environments.
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Fig.1 Composition diagram of space plant cultivation device
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Fig.2 ~ Composition diagram of water and nutrient control

module
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Fig.3  Composition diagram of atmospheric environment control

module inner loop and extrinsic cycle
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Fig.4 Composition diagram of cultivation room module, lifting

structure and root tray module



54

FEKHE, 45 a3 AR BT R S Rk - 161 -

AN ZS 8], AT AR E AR 25 1 A
AN, (] At AT AERE AR X R e I R B 451,
Bij 1b 2 B AN Y it AR & R E R AR
FLO. 12 m® ARES B 350 mm MR ALAFEH (40&] 4(b) |
4(c) FR) EBEALE PSRRI ST AR £ 3 )
% [T 28 FEAR G A AP, AT ARk 35 2 i 1] 4
IRFEBR AR, AR SRS R H A THR 254,
IOGHE IR A o AL HDGRE, FHREIEE S 0 ~ 300 mm,
RN PEEERCE T 38 & 25 [RI7K 53/ 3% 5341 i AN 4
R ZR AR R AR G B o, AR B B RiA2 0.5 ~2.0 mm,
KHE0.62 g/em’ , BMALERE 71.80% .
1.7 £R5ARK

Bt B e, TR TR E T 6 D IIRERIE
(1) TR S BRI A BB I, 74 S B /N E
SEALFIR TS, B 50 BT AE G RE I S ek,
FEALFE KA RMARL K53/ T2 R KA IR
Pl (AR B A A 1 L EBCERRE T4k N 3 XU 2
AT OGUR SR A S I M, RSN
D 54, DA S R A5 2, 38 2o ke AR
AR PERER AR RE A | 58 WA 25 AR ) AR 35 2k
B S frn, 38 EEMERRIE AR L EE LA .
JFH 39. 4 kg, 4851 502 mm x440 mm x 600 mm, 3]
FE166.6 W(IEMH) ARIFMFL0.12 m®,

LA

Y
ol
!
, :
e i
|
-
> ~ ()
.hﬂ
;

ES5 =ZEEYKIEESE
Fig.5 Physical drawing of SPCF

2 FEIIE

PEE IR FEALE . 1) R EPERR IR (K 5T/ 57
IYBER KRR MBS LED SR S50 S
i) 52) HY DI RE AN B UIE (LR Y Re e W AR
AR E IR BRI Y k) 3) YA G AR
Bk (PR G R | BY IR R MR 5 B ] Y
FHERZM)

2.1 WiIEFE

TFREAE B Sk A AR S W 6 Frr .,

2B i A A A AR AR AR R G VT T P SR S

MR R Re, Kb iR ARG R E it
ALK KGR R ) EER A, SIS
IR 0] 4 Joa 2 4 F0 Rl A S 2D g s AR PR AR AR IR R
GLELALILRET 5 D RE FIN SUR S T A R BRI AR
ZFEMRAE SR 1) RN EER 93 ~
97 kPa;2) %843k 20.5 ~22.0 kPa;3) CO, 43 &N
0.30 ~0. 50 kPa (“F¥{H%y 0.35 kPa);4) iR E N
23 ~25 C;5) MR 40% ~60% .

(b) BRI R BN N LA E
Bloe ASKRRTFERBYRERERNREME

Fig. 6 Combination testing platform and installation position of

SPCF
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Fig.7  Growth state and biomass of lettuce plants
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Fig.8 Photosynthetic rate of lettuce plants at different time
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